The recombinant plasminogen activator (rDSPAal) from the vampire bat Desmodus rotundus is a promising new thrombolytic agent that exhibits a superior pharmacological profile if compared to tissue-type plasminogen activator (t-PA) or streptokinase. In the present study the structures of the carbohydrate moieties at the two N-glycosylation sites (Asn-117, Asn-362) of rDSPAal expressed in Chinese hamster ovary cells were determined. N-Linked glycans were enzymatically released from isolated tryptic glycopeptides by peptide-N 4 -(N-acetyl-p-glucosaminyl)asparagine amidase F digestion and separated by two-dimensional HPLC. Oligosaccharide structures were characterized by analysis of carbohydrate composition and linkage, by mass spectrometry, and by sequence analysis in which the fluorescently labeled glycans were cleaved with an array of specific exoglycosidases. More than 30 different oligosaccharides were identified. The results revealed that Asn-117 carried a mixture of one high-mannose structure (17% of site-specific glycosylation), three hybrid glycans (26%) and predominantly biantennary complex N-glycans (54%). Glycosylation site Asn-362 was found to comprise complex glycans with biantennary (50%), 2,4-and 2,6-branched triantennary (21%, 11%), and tetraantennary structures (10%), which were fucosylated at the innermost residue of N-acetylglucosamine. Mainly neutral and monosialylated glycans, and smaller quantities of disialylated glycans, were detected at both glycosylation sites. Sialic acid was a2-3 linked to galactose exclusively. As shown in this study the N-glycans attached to Asn-117 of rDSPAal are more processed during biosynthesis than the high-mannose structures linked to Asn-117 of t-PA, to which the polypeptide backbone of rDSPAal is structurally closely related.
Introduction
Plasminogen activators (PAs) are serine proteases that are involved in many physiological processes like initiation of the fibrinolytic system and extracellular matrix remodeling. They convert the zymogen plasminogen into the active enzyme plasmin which then proteolytically degrades the fibrin network (Bachmann, 1987; Fears, 1989; Higgins and Bennett, 1990 ). Due to their thrombolytic properties, PAs are used as therapeutic agents in thromboembolic diseases like acute myocardial infarction.
DSPAal {Desmodus rotundus salivary glasminogen activator) is one of four plasminogen activators isolated from the salivary gland of the vampire bat Desmodus rotundus (Hawkey, 1966; Cartwright, 1974) . In order to obtain large amounts of this enzyme for detailed structural, biochemical, pharmacological, and clinical studies, the cDNA was cloned and the glycoprotein was expressed in different cell lines (Kratzschmar et al., 1991 (Kratzschmar et al., , 1992 including Chinese hamster ovary cells (Petri et al., 1995) .
In animal models of thrombolysis, the pharmacological profile of rDSPAal is superior to those of other PAs. Thus, it causes a more rapid and complete lysis of fibrin clots, displays a strict requirement for fibrin as a cofactor (Schleuning et al., 1992; Bringmann et al., 1995) , and has a prolonged half-life (Witt et al., , 1994 Muschick et al., 1993) . Therefore, rDSPAal represents a potentially safer and more efficacious thrombolytic agent than the PAs that are presently available.
The domain structure of rDSPAa 1 is closely related to that of t-PA. Both glycoproteins consist of several distinct peptide regions: a finger domain, an epidermal growth factor region, a kringle and a serine protease domain. Comparison of the amino acid sequence shows an identity of 72% for the corresponding domains. However, rDSPAal neither contains a kringle-2 domain nor a plasmin-sensitive processing site which are present in t-PA. The peptide backbone of rDSPAal includes two potential N-glycosylation sites at residues Asn-117 and Asn-362, as characterized by the consensus sequence Asn-X-Ser/Th. These two N-glycosylation sites are equivalent to glycosylated Asn-117 and Asn^l48 in t-PA. The oligosaccharides of t-PA expressed in different cell lines have been extensively investigated (Pohl et al., 1987; Parekh et al., 1989a,b; Pfeiffer et al., 1989; Spellman et al., 1989) . Site-specific structure analysis shows that Asn-117 carries almost exclusively high-mannose glycans, whereas Asn-448 is predominantly glycosylated by complex type glycans. In addition to N-glycosylation, t-PA (Harris et al., 1991) and rDSPAal (Gohlke et al., 1996) are modified by O-linked L-fucose attached to threonine-61 in the epidermal growth factor domain. The glycan moiety of t-PA, particularly the high-mannose structures linked to Asn-117, have been implicated in the extremely rapid clearance from the blood stream (Hotchkiss et al., 1988; Lucore et al., 1988; Otter et al., 1991; Cole et al., 1993) . Comparative studies have revealed a fourfold lowered clearance rate for rDSPAal (Witt et al., 1994) , compared with that of t-PA. The molecular basis for this difference is unknown, but differences in glycosylation may contribute.
In this report we present a detailed structural characteriza-tion of the N-glycans released from the glycosylation sites Asn-117 and Asn-362 of rDSPAal expressed in CHO cells.
Results
The purity of the rDSPAa 1 preparation was examined by SDS/ PAGE and MALDI-TOF-MS (data not shown). One protein band with an apparent mass of about 53 kDa was observed by SDS/PAGE. MALDI-TOF-MS yielded a signal of m/z 53446 (M+H) + . Subtraction of the protein mass of 49537 Da calculated from the amino acid sequence resulted in a mass of 3908 Da for the sugar moiety (7% of total mass). Carbohydrate composition analysis indicated the presence of fucose, glucosamine, galactose, and mannose in a molar ratio of 2.1:7.8:3.6:6. Galactosamine, which indicates a potential O-glycosylation of mucin type sugar chains, was not detected in rDSPAa 1. Sialic acid was not determined by carbohydrate composition analysis.
Fractionation and identification of glycopeptides
Peptides obtained from reduced and carboxymethylated rDSPAal by tryptic digestion were separated by reversed phase HPLC as shown in Figure 1 , and subjected to carbohydrate composition analysis. Fucose, glucosamine, galactose, and mannose were present in the molar ratio of 0.2:2.5:1.2:3 at Asn-117 and 1:4.5:2.5:3 at Asn-362, respectively. Due to the microheterogeneity of the oligosacchande moiety, each glycopeptide eluted as a multiplet. The glycopeptides of each glycosylation site were fractionated and subsequently deglycosylated by PNGase F digestion. Mass spectrometric data obtained from desialylated oligosaccharides of isolated glycosylation sites and from the total carbohydrate moiety of rDSPAal confirmed that no glycoform was left during fractionation (data not shown). As indicated by amino acid sequencing and mass spectrometry, the glycopeptides containing Asn-117 and Asn-362 comprised residues 111-123 (VECINWNSSLLTR) and [359] [360] [361] [362] [363] . Comparison of RP-HPLC profiles, obtained from PNGase F-treated and untreated peptides, followed by mass spectrometric analysis, indicated that Asn-362 occurred in the glycosylated form only. In contrast, traces (>5%) of Asn-117 were found in its nonglycosylated form. Purified glycans of each glycosylation site were divided into two aliquots for the characterization of charged oligosaccharides or their corresponding neutral forms after desialylation.
Characterization of the neutral oligosaccharides after desialylation
Separation of the desialylated oligosaccharides. Oligosaccharides released from Asn-117 and Asn-362 were treated with sialidase from Vibrio cholerae. The degree of desialylation was checked by high-pH anion-exchange chromatography with pulsed amperometric detection (HPAEC-PAD) using a gradient for the separation of sialylated sugars (data not shown). Since all glycans were converted into their corresponding neutral forms, neither sulfated nor phosphorylated glycans were present.
Desialylated glycans were separated and fractionated using HPAEC-PAD. The elution pattern displayed a variety of signals representing a remarkable microheterogeneity of the carbohydrates. Seven oligosaccharide fractions were obtained from Asn-117 and Asn-362, and designated Al-A7 and Bl-B7, respectively (Figure 2A,B) . Comparison of the retention times suggested a different glycosylation for Asn-117 and Asn-362. For the characterization of individual glycans, the oligosaccharide fractions isolated by HPAEC-PAD were analyzed using mass spectrometry, glycosyl composition-and linkage analysis, as well as by carbohydrate sequencing with exoglycosidases.
Glycosyl composition analysis. The glycosyl composition of the 11 major oligosaccharide fractions was determined by acid 1- Fig. 2 . Separation of desialylated N-glycans using HPAEC-PAD. Oligosaccharides were released from Asn-117 and Asn-362 by PNGase F and subsequently desialylated. The oligosaccharide fractions isolated by HPAEC-PAD were characterized using mass spectrometry, glycosyl composition, and linkage analysis as well as carbohydrate sequencing by exoglycosidases. A structure assignment for the glycans is given in Tables  V and VI. hydrolysis followed by monosaccharide analysis using HPAEC-PAD. The results are summarized in Table I . All glycan fractions obtained from Asn-362 (B1-B7) were found to consist of fucose, glucosamine, galactose, and mannose in a molar ratio consistent with that of complex glycans. In contrast, most glycan fractions from Asn-117 (Al-A7) were devoid of fucose and the ratio of galactosermannose varied from 0:5 to 2:3. Due to small amounts, oligosaccharide fractions Al and A3 were not subjected to glycosyl composition analysis.
Mass determination by MALDI-TOF-MS. Mass spectrometric data were obtained from the glycan mixtures prior to separation by HPAEC-PAD, as well as from isolated oligosaccharide fractions. The results including a potential glycosyl composition, are compiled in Table n . MALDI-TOF-MS of the desialylated glycan mixtures confirmed the heterogeneity of the glycan moiety ( Figure 3A ,B) as monitored by HPAEC-PAD. Mass spectrometric data of the oligosaccharide fractions from Asn-117 were consistent with a ManjGlcNAc^ structure Desialylated N-glycans from Asn-117 (A-series) and Asn-362 (B-series) were separated by HPAEC-PAD and subjected to glycosyl composition analysis. "Note that GlcNAc is converted to GlcNH^uring hydrolysis.
•"Oligosaccharide fraction numbers correspond to the peak numbers in Figure 2A and 2B. Tor complex type structures data are normalized to three mannose residues. d Data are normalized to five mannose residues.
(A2), a biantennary complex sugar (A6), and a hybrid glycan (A7). Comparable intensities of two ions were observed for fraction A4/5 (m/z 1810, 1461), suggesting a coelution of a fucosylated biantennary and a hybrid structure. Pseudomolecular ions at m/z 1810, 2176, and 2540 recorded for fractions B2, B3, B4, B5, and B6 from Asn-362 were consistent with complex glycans of fucosylated bi-, tri-, and tetraantennary structures. The oligosaccharide fractions B3/B4 and B5/B6 yielded the same m/z value, suggesting linkage variants or structural isomers of the glycans.
Linkage analysis. Glycosyl linkage analysis of the seven most abundant oligosaccharides was performed by methylation analysis of 0.5-1 nmol of each glycan. The results are compiled in Table m . Analysis of the partially methylated alditol acetates showed no C4-or Cl,3,4-linked GlcNAcOH for the oligosaccharide fractions B2-B5 released from Asn-362. However, the presence of the C4,6-linked GlcNAcOH indicated that the innermost core GlcNAc was fully fucosylated. Branching of the oligosaccharides was identified by the detection of different ManOH-derivates. The sole presence of C 1,2-linked ManOH besides Cl,3,6-linked ManOH characterized a biantennary structure, whereas additional C 1,2,4-or Cl,2,6-linked ManOH pointed to 2,4-or 2,6-branched triantennary Nglycans, respectively. A tetraantennary structure was deduced from the detection of C 1,2,4-and Cl,2,6-linked ManOH.
As expected from the composition analysis data and mass spectrometry, most oligosaccharides linked to Asn-117 were not fucosylated in the trimannosyl core, as indicated by the presence of C4-linked GlcNAcOH. Analysis of inhomogeneous fraction A4/5 revealed C4-and C4,6-linked GlcNAcOH, the common core mannose constituents, but also terminal galactose, fucose, and mannose residues. Fraction A2 contained Cl,3,6-linked ManOH, but neither galactose and nor Cl,2-linked ManOH was found. This indicated the presence of a branched high-mannose structure. The main component A6 was found to consist of the typical constituents of a biantennary structure.
Oligosaccharide size determination and sequence analysis. Isolated oligosaccharides (Figure 2A ,B) were fluorescently la- Mass spectrometric analysis of the desialylated oligosacchflrides from Asn-117 (upper part of Table II ) and Asn-362 (lower part of Table II ) separated by HPAEC-PAD as shown in Figure 2A and 2B yielded the NA-adducts (M+Na) + and K-adducts (M+K) + of the glycans. Mass determination of the desialylated subtractions (SO, neutral; SI, monocharged; S2, bicharged; S3, tricharged) obtained by neutral-pH chromatography (Mono Q) revealed the composition of these mixtures. Presence or absence of compounds is indicated by + or -, respectively. M,^ refers to the calculated average molecular mass (in Daltons) summed from the likely carbohydrate composition. "Values are rounded. b OS-fraction, Oligosaccharide fraction numbers correspond to the peak numbers in Figure 2A beled by reductive amination with 2-aminobenzamide (2-AB) and subjected to gel permeation chromatography (GPC) for further fractionation and size determination. The hydrodynamic volumes of the glycans linked at Asn-117 ranged from 6.5 to 12.2 glucose units (GU). As suggested by MALDI-TOF-MS, fraction A4/5 consisted of two oligosaccharides eluting at 8.9 and 12.2 GUs. Glycans released from Asn-362 varied in their size from 11.0 to 20.4 GU (Table IV) .
Carbohydrate sequencing was performed by the reagent array analysis method (RAAM) (Figure 4) . Fourteen 2-AB labeled glycans, purified to homogeneity using HPAEC-PAD and GPC, were digested with distinct mixtures of exoglycosidases. Ten out of 14 RAAM results showed close matching, scored at 83-95, where 100 is the maximum (Table IV) . Sequencing of glycans carrying N-acetyllactosaminyl repeats (B6 and B7) yielded very low degrees of matching, which were not acceptable for a structure assignment. The presence of the 224-and 226-branched triantennary structures extended by an Nacetyllactosaminyl repeat was proved by digestion with galactosidase from jack bean and hexosaminidase from Streptococcus pneumoniae followed by MALDI-TOF-MS. The structures assigned by carbohydrate sequencing are consistent with those summarized in Tables V and VI. If RAAM analysis was ambiguous, the structure consistent with the results obtained by the other analytical methods and with the biosynthetic pathway is given.
Analysis of charged oligosaccharides
Using low-pH anion-exchange chromatography, the oligosaccharides released from Asn-117 and Asn-362 were separated into subtractions consisting of neutral (SO), monocharged (SI), bicharged (S2), and traces of tricharged (S3) oligosaccharides ( Figure 5A,B) . Glycans of each subtraction were enzymatically desialylated and separated into individual oligosaccharides using HPAEC-PAD ( Figure 6 ). The relative abundance of each subtraction (SO, SI, S2, and S3) was determined by monosaccharide analyses. Asn-362 carried neutral (34%), mono (55%), disialylated (8%), and traces of trisialylated oligosaccharides (=1%). Glycans linked to Asn-117 were found to consist of neutral (73%), monosialylated (24%), and small amounts of disialylated (3%) sugar chains. Since the pattern of the neutral oligosaccharides on HPAEC-PAD was well characterized during this analysis (Figure 2A,B) , the desialylated glycans of each subtraction (SO, SI, S2, and S3) could be assigned to oligosaccharide structures. The identification of the HPAEC-PAD pattern was supported by mass spectrometric data for each desialylated glycan fraction (Table II) . In fraction SO and S1 of Asn-362 the ratio of bi, 2,4-and 2,6-triantennary, and tetraantennary structures displayed only minor differences. Hybrid glycans attached to Asn-117 were identified as neutral and monosialylated compounds. The distribution of oligosaccharides according to the number of sialic acid residues is summarized in Tables V and VI . By comparative glycosyl-linkage analysis (methylation analysis) of the sialylated N-glycans before and after sialidase digestion, it was confirmed that sialic acid was a2-3 linked to galactose exclusively.
Discussion
In the present study the site-specific N-glycosylation at Asn-117 and Asn-362 of rDSPAal expressed in CHO cells was determined using different but complementary HPLCtechniques, carbohydrate composition and linkage analysis, mass spectrometry, and glycan sequencing. More than 30 different glycans were identified, representing at least 90% of the total carbohydrates of rDSPAal (Tables V and VI) .
Glycans present at Asn-117 were found to comprise a mixture of high-mannose, hybrid and complex oligosaccharides. The main component was identified as the biantennary structure (39% of site-specific glycosylation), partly fucosylated at the innermost residue of N-acetylglucosamine (14%). One high-mannose structure, represented by Man 5 GlcNAc2 (17%), and three hybrid structures (26%) were determined.
In contrast, the glycosylation site Asn-362 carried exclusively complex type oligosaccharides with biantennary (50%), 2,4-and 2,6-branched triantennary (21%, 11%), and tetraantennary structures (10%), which were fully fucosylated at the innermost residue of N-acetylglucosamine but scarcely extended by N-acetyllactosaminyl repeats (>5%).
Oligosaccharides linked to both glycosylation sites were in-
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Site-specific N-giycosylation of bat plasminogen activator Fig. 3 . Mass determination of desialylated N-glycans from Asn-117 and Asn-362 of rDSPAal using MALDI-TOF-MS. The mass spectra shown represent the desialylated N-glycans of rDSPAal released from glycopeptides containing Asn-117 and Asn-362 by PNGase F. Double peaks are due to the Na-and K-adducts of the oligosaccharides. A mass assignment is given in Table n. completely sialylated, so that mainly non-and monosialylated, and smaller quantities of disialylated glycans were detected. The low degree of sialylation was confumed by analyzing the total carbohydrate moiety of rDSPAa 1, and is not due to loss of sialic acid residues during reversed phase fractionation. In all the glycans, sialic acid residues were exclusively linked a2-3 linked to galactose.
Structural aspects
A huge variety of N-linked oligosaccharides comprising highly sialylated tetraantennary complex glycans partly extended by N-acetyllactosaminyl repeats, high-mannose structures, and hybrid glycans have been characterized from glycoproteins expressed in CHO cells including CD4 (Spellman et al, 1991; Ashford et al., 1993; Dwek et al, 1993) , CD4 receptor (Carr et al., 1989) , gpl20 (Mizuochi et al., 1988) (Spellman et al, 1989) , and erythropoietin (Sasaki et al, 1987; Watson et al, 1994; Hokke et al., 1995) . The glycan structures of rDSPAa 1 reported in this article are in line with the general features for glycosylation of CHO cells. Sialic acid residues were linked exclusively ot2-3 to GalfJl4GlcNAc, probably due to the lack of sialyl(a2-6)-transferase activity. Furthermore we did not find structures containing a bisecting GlcNAc, a peripheral Fucal-3GlcNAc, Galal3Gal, or GalNAcpi-4GlcNAc. The oligosaccharide structures Isolated, neutral glycans were fhiorescently labeled and subjected to gel permeation chromatography to determine the hydrodynamic volume. For sequence analysis the reagent-array analysis method was applied. The isolated glycan was divided into nine aliquots and each digested by a different enzyme mixture. Obtained fragments were recombined, and a structure of the unknown glycan was derived from the chromatographic profile. Computer assisted analysis of the theoretical signature with the experimental chromatographic profile generated a match quality that allowed a qualitative interpretation of the result (90-100, very good; 80-90, good; 75-80, marginal*; 70-75, marginal-).
•OS-fraction, Oligosaccharide fraction numbers correspond to the peak numbers in Figure 2A attached to rDSPAal have been identified previously from CHO cell derived glycoproteins, and are most similar to those found in structurally closely related rt-PA. However, some remarkable differences were found in the glycosylation of both proteins. rt-PA invariably exhibited high-mannose oligosaccharides and low amounts of hybrid structures at Asn-117, and preponderantly complex type glycans at Asn-448, independently of the expressing cell line (Pohl et al., 1987; Parekh et al., 1989a,b; Pfeiffer et al., 1989; Spellman et al., 1989) . CHOcell derived rDSPAal and rt-PA carried similar complex glycans at Asn-362 (rDSPAal) and Asn^l48 (rt-PA) with small differences in the ratio of oligosaccharide structures and a lower degree of sialylation of rDSPAal. In contrast, glycosylation at Asn-117, which is present in both rDSPAal and rt-PA, is dominated by high-mannose structures in rt-PA, whereas Asn-117 of rDSPAal carries a mixture of predominantly biantennary complex and hybrid glycans with fewer high-mannose structures. Linkage of these three classes of oligosaccharides to a single glycosylation site represents a more rarely occurring form of N-glycosylation. A similar structural alteration at Asn-117 was observed for a rt-PA mutant which carried an additional glycosylation site at Asn-58 (Pfeiffer et aL, 1994) . A total conversion of the glycosylation of rt-PA at Asn-117 from high-mannose glycans to complex structures can be induced by polypeptide modifications preceding Asn-117 as shown by Wilhelm et al. (1990) and was also reported for a rt-PA mutant which carried a new glycosylation site at Asn-103 (Guzzetta et aL, 1993) . This variation in glycosylation demonstrates the crucial role of the polypeptide sequence in specifying the oligosaccharides. Some concepts suggest that the processing enzymes display substrate specificity for a distinct three-dimensional glycan structure (Carver and Cumming, 1987; Troesch et al., 1990) , with specific oligosaccharide-protein interactions, but generally the information of the peptide sequence for site-directed processing is poorly understood.
Functional aspects
The detailed structural analysis of the glycan chains in rDSPAal is important for determining the extent to which biological properties like immunogenicity, bioactivity, and pharmacokinetics are dependent on oligosaccharide structure.
The immunogeneity of a glycoprotein can be influenced by the oligosaccharide moiety, which may mask an antigenic peptide epitope or possess its own antigenic properties. The oligosaccharide structures of rDSPAa 1 presented in this study are not known to contain immunogenic determinants like blood group antigens or the Galal-3Gal epitope (Galili et aL, 1984) .
N-Glycosylation of rDSPAal is not prerequisite for the enzymatic activity. Neither the removal of N-linked glycans by PNGase F treatment (Schleuning et aL, 1992) nor the altered glycosylation of rDSPAal isolated from CHO cell and Sf9 insect cells caused any change in the fibrinolytic activity of rDSPAal (Petri et al., 1995) . However, during protein synthesis, the carbohydrate moiety may support the appropriate folding of the protein to form the bioactive enzyme.
The pharmacokinetics of glycoproteins are often mediated by binding of carbohydrate determinants to mammalian lectins. Thus, the asialoglycoprotein receptor binds to glycoproteins carrying terminal Gal or GalNAc, and the mannose receptor exhibits affinities to terminal mannose and fucose (Ashwell and Harford, 1982; Sharon and Lis, 1989) . Comparative studies of Witt et al. (1994) in dogs revealed a fourfold lowered clearance for rDSPAal compared with that of rt-PA. At least two clearance mechanisms have been reported for t-PA. Plasminogen inhibitor type 1 (PAI-1) dependent and independent endocytosis is probably mediated by the protein/a 2 macroglobulin receptor (LPR), which is related to the low density lipoprotein receptor (Bu et al., 1992; Camani et al., 1994; Orth et al., 1994) . The finger and/or the EGF-domain, particularly Tyr-67, are involved in this interaction (Browne et al., 1988; Kalyan et al., 1988; Bassel-Duby et al., 1992; Camani and Kruithof, 1995) . The second pathway depends on the carbohydrate moiety of t-PA. The high-mannose glycans linked to Asn-117 and the asialo oligosaccharides have been implicated in the extremely rapid clearance (Hotchkiss et al., 1988; Lucore et al., 1988; Otter et al., 1991; Cole et al., 1993) . As 
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The relative abundance was estimated from the peak ratio obtained from HPAEC-PAD of the disialylated fractions. "OS-fraction = Oligosaccharide fraction numbers correspond to the peak numbers in Figure 2A . 'Values are rounded. 'S refers to the number of sialic acid residues (SO = neutral, S1 = monosialo, S2 = bisialo and S3 = trisialo glycans). reported in this study, the degree of sialylation of oligosaccharides in rDSPAal is lower than that reported for rt-PA and cannot account for a longer half-life. However, Asn-117 of rDSPAal is predominantly occupied by complex structures, and not by high mannose structures as in rt-PA. Thus, the altered glycosylation at Asn-117 may contribute to the markedly lowered clearance rate of rDSPAal by reducing the interaction with the mannose receptor. More recently, rDSPAal and rt-PA were found to contain O-linked L-fucose (Harris et al., 1991; Gohlke et ai, 1996) . •04-1^3 - This modification may contribute to clearance but cannot explain the significantly different clearance rates. However, the clearance mechanism for rDSPAod has not been investigated in detail; in particular, binding to LPR is uncertain. Therefore, the extent of carbohydrate-mediated clearance remains to be established for rDSPAal.
Materials and methods

Materials
CHO-cell derived rDSPAal (lot RG 16.3) was produced by Berlex Biosciences (Richmond, CA, USA) and obtained from Schering AG (Berlin, Germany). Trypsin (L-l-{tosylamino)-2-phenylethyl chloromethyl Icetone-treated) was purchased from Serva and trifluoroacetic acid was obtained from Sigma. PNGase F was purchased from Genzyme. Sialidase from Vibrio cholerae was 
Peptide mapping
Reduction, carboxymethylation and tryptic digestion of rDSPAal as well as the separation of tryptic peptides were performed as described elsewhere (Gohlke et al., 1996) .
Peptide analysis
N-Terminal sequence analysis was carried out by automated Edman degradation using a 477A system from Applied Biosystems. Phenylthiohydantoin derivates were identified by an Applied Biosystems A 120 analyzer.
High-pH anwn-cxchange chromatography (HPAEC)
Neutral oligosaccharides were separated and fractionated using a Dionexsystem equipped with a CarboPak PA 100 anion-exchange column (4 x 250 mm). The effluent was monitored by pulsed amperometric detection (PAD U) or in later stages of the work by electrochemical detection (ED 40). Solvent A was 0.1 M NaOH and solvent B 0.1 M NaOH containing 0.12 M sodium acetate. The linear gradient started 1 min after injection from 0% solvent B up to 50* B in 70 min. The flow rate was 1 ml/min.
Carbohydrate composition analysis
Monosaccharide analysis was performed by hydrolysis of the oligosaccharides with 2 N trifluoroacetic acid for 3-5 h at 100°C and HPAEC-PAD as described previously (Gohlke et al., 1996) .
Neutral-pH anion-exchange chromatography
Chromatography was carried out on a Dionex Bio LC-system equipped with a Mono Q anion-exchange column (HR 5/5; Pharmacia). Glycans were eluted at a flow rate of 1 ml/min by a linear gradient, consisting of solvent A (H 2 O) and solvent B (0.6 M sodium acetate, pH 7.0) starting 4 min after injection from 0% solvent B to 50% B in 40 min. Eluted oligosaccharides were detected by pulsed amperometric detection. Post column addition of 0.5 M NaOH enabled the detection in analytical runs at 300 nA.
Mass spectrometry
Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) was carried out on a Bruker Biflex instrument (Bruker, Bremen, Germany). Ionization was accomplished with a 337 nm beam from a nitrogen laser. Mass spectra were recorded in the positive ion mode using the reflector. 2,5-Dihydroxybenzoic acid (10 mg/ml) in 60% ethanol was used as matrix. Typically, an aqueous solution of the glycan (2-20 pmol/(J) was 1/1 (v/v) mixed with the matrix and 0.5-1 \i\ was placed on the target.
Gfycosyl-linkage analysis
The glycosyl-linkage composition of separated oligosaccharides was determined by methylation analysis. Methylation was carried out with CH 3 I in NaOH according to Anumula and Taylor (1992) . Permethylated alditols were hydrolyzed and reduced by NaBH 4 . After peracerylation of the remaining OH-groups, the methylalditols were analyzed by gas chromatography-mass spectrometry (GC/MS) as described elsewhere (Geyer and Geyer, 1994) .
PNGase F digestion
Tryptic glycopeptides obtained from 3 mg rDSPAa 1 were digested with 5 mil PNGase F from Flavobacterium meningosepticum in 250 u.1 of a buffer containing 0.5% (w/v) Nrt,HCO 3 , pH 8.0, for 18 h at 37°C.
Desialylation
Oligosaccharides released from the glycopeptides of 3 mg rDSPAa 1 were treated with 0.1 U neuraminidase from Vibrio cholerae in 80 jxl of a 0.05 M sodium acetate buffer, pH 5.5, overnight at 37°C.
Carbohydrate sequence analysis
For sequencing of neutral oligosaccharides the reagent-array analysis method (RAAM) (Edge et al., 1992) was applied. Analysis was performed using the Signal Labeling Kit, the RAAM 2000 Neutral Sequencing Kit, and the RAAM 2000 GlycoSequencer (all from Oxford GlycoSystems, UK) according to the protocol of the manufacturer. In principle, 150-500 pmol of the oligosaccharides was fluorescently labeled by reductive amination with 2-aminobenzamide (2-AB) using a Signal Labeling Kit. For sequence analysis a homogeneous glycan fraction was divided into nine equal aliquots. Each ahquot was digested with a defined mixture of exoglycosidases (RAAM 2000 Neutral Sequencing Kit) to generate characteristic fragments. Separation of the recombined aliquots using gel permeation chromatography on Bio-Gel P-4 column (1 x 48 cm, 55°C) resulted in a pattern that represented a "signature" of the glycan treated by the enzyme array. An internal standard of glucose oligomers was coinjected with the sample to enable size determination of the "signature." Computer assisted analysis of size and relative signal intensity of the fragments suggested a structure for the original glycans. Internal comparison of the experimental and theoretical signatures allowed a qualitative interpretation of the result.
The enzyme array comprised one enzyme blank and eight different mixtures of exoglycosidases with the following compositions: B-N-acetylhexosaminidase from Streptococcus pneumoniae in mixtures 2, 6, and 8 cleaves B 1-2,3 linked GlcNAc or GalNAc; B-N-acetylhexosaminidase from jack bean in mixtures 1, 3, 5, and 7 removes (31-2,3,4,6 bound GlcNAc or GalNAc; a-fucosidase from almond meal in mixture 3 cleaves a 1-3, 4 linked fucose; B-galactosidase from bovine testes in mixtures 1-6 hydrolyzes nonreducing terminal galactose (31-3 and (31-4 linkages; and a-fucosidase from bovine kidney in mixtures 1, 2, and 4 cleaves all a-linked fucose residues.
